
These phenomena may be the result of 
antibody combination with excreted met- 
abolic products adhering to the surface 
of the trypanosome bodies. Further work 
on the protective power of antimetabolic- 
products serum, with or without absorp- 
tion, is in progress. 

I t  is probable that ablastin acts specif- 
ically against an enzyme or enzymes con- 
cerned in the nutrition of the parasites, 
as was postulated by one of us (3, 5) 
when the similarity between inhibition of 
reproduction of Trypanosoma lewisi and 
the interference with growth, develop- 
ment, and reproduction of the nematode 
Nippostrongylus muris was pointed out. 

We believe that this production of 
functional immunity through the agency 
of antibodies directed against metabolic 
products, which interferes with nutri-
tion, will be found to be a widespread 
phenomenon among infectious organ-
isms (6).  
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Chromatographic Microassay for 
Cholesterol and Cholesterol Esters 

Free cholesterol is readily separated 
from its esters by column chromatog-
raphy on silicic acid. The separation is 
quantitative, and the two components 
can then be assayed separately. The pro- 
cedure described here ( I )  requires rela- 
tively small samples and can be com-
pleted in less than 1 hour. With a simple 
modification of the extraction proce-
dure, it is possible to get a reliable as-
say using only 0.02 ml of human plasma 
or 0.05 ml of rat plasma. The 100-mesh 
silicic acid sold by Malinckrodt espe-
cially for chromatography is satisfactory 
for this purpose. Ordinary reagent-grade 
products may be activated by heating 
them at 120°C overnight (2) and then 
quickly sieving them once in a moist at- 
mosphere. The activated silicic acid 
must be protected from atmospheric 
moisture. 

For quantitative assay, we use a chro- 
matographic tube made of 8-mm (out- 
side diameter) glass tubing about 25 cm 
long. The tube is abruptly constricted 
on one end to a diameter of 2 to 3 mm 

inside, and the end is drawn out about 
10 mm to form a short nipple. T o  pre- 
pare the column, ram a small pledget of 
cotton down the tube to plug the con-
stricted end. Fill the tube to a height of 
about 5 cm with silicic acid by means of 
an eye dropper and pack it by applying 
air at a pressure of 7 to 10 lb/in.2 to the 
top of the column. Prewet the column 
by forcing through about 2 ml of petro- 
leum ether by means of the same air 
pressure. 

For the routine assay of human 
plasma or serum, our procedure is as 
follows. Mix 0.1 ml of plasma or serurn 
with 5 to 7 ml of 1/1 methanol and ace- 
tone. Bring the mixture to boiling, cool, 
dilute to 10 ml with solvent, and filter. 
Evaporate a 3.0-ml aliquot by placing 
the tube in cold water and bringing the 
water to boiling. Invert the tube while 
it is cooling to drain out the residual 
vapor of the solvent. Transfer the lipid 
to the column with three 2-ml portions 
of petroleum ether (boiling range 30° 
to 60°C) by means of an eye dropper. 

Rinse the test tube and the chromato- 
graphic tube with each portion of sol-
vent and force each through in turn. The 
flow rate should never be greater than 
4 ml/min with any of the solvents. Care 
should also be taken never to allow the 
solvent level to go below the top of the 
silicic acid in this step and in the next 
one. At this point the free and esterified 
cholesterol are adsorbed at the top of 
the column. (This may be demonstrated 
by extruding the column by means of 
air pressure gently applied to the bottom 
of the tube and streaking it with con-
centrated sulfuric acid). 

Develop the column with about 4 ml 
of 1/1 chloroform and petroleum ether. 
Collect this eluate, which contains the 
rsterified cholesterol, in a separate test 
tube. Rinse the outside of the tip of the 
chromatoqraphic tub? with about 1 ml of 
petroleum ether, allowing the ether to 
run into the same test tube. T o  remove 
the free cholesterol from the column, 
elute with 4 ml of 1/1 methyl or ethyl 
acetate and petroleum ether. Force this 
through until flow ceases, and rinse the 
tip as before. Extrude the column by 
means of air pressure as described in 
the preceding paragraph and discard the 
silicic acid. 

Evaporate the solvents in the afore-
mentioned manner and take the frac-
tions up in 3.0 ml of glacial acetic acid. 
Warm the tubes containing the esters to 
effect solution. Cool and add 2.0 ml of 
the ferric chloride-sulfuric acid reagent 
of Brown et al. (3)  and mix thoroughly. 
Read the optical density at  560 mp in 
the Coleman universal spectrophotom-
eter. For precise wolk, it is necessary 
to prepare chromatographed solvent 
blanks. The  standard contains 50 pg of 
cholesterol in 3.0 ml of acetic acid, and 

Table 1. Estimation of free and stearyl 
cholesterol in mixtures containing differ- 
ent amounts. 

-
Mixture 


of free 

Freeand Stearate 

stearyl found cholesterol 
choles-	 found 
terol 
chro- - - --

mato-
graphed
(mgof (mg) ( % )  (mg) 
each) 

the blank for this is not chromato-
graphed. The color develops rapidly and 
is stable for hours. With rat plasma or 
serum, an 8-ml aliquot of the methanol- 
acetone extract is required for a satis-
factory reading of optical density. 

This procedure separates plasma chol- 
esterol into its free and esterified frac- 
tions. If a plasma extract, or a mixture 
of cholesterol and its stearate, is placed 
on the column and the development 
with chloroform and petroleum ether is 
continued beyond the usual amount, it 
is found that the first two milliliters of 
eluate contain a large amount of chol- 
esterol. This is esterified cholesterol. 
The third milliliter of eluate contains 
only a trace of cholesterol, and the 
fourth to about the tenth milliliters have 
none. As the development is continued 
beyond the tenth milliliter, the free chol- 
e~terol appears in the eluate. I t  is all 
eluted after about 20 ml of chloroform 
and petroleum ether have been used. 

I n  Table 1 we see that the column 
will function satisfactorily over a very 
wide range of cholesterol or cholesteryl 
stearate concentration. In  Table 2, evi- 
dence is presented that free cholesterol 
or its stearate added to an extract of 
plasma can be quantitatively demon-
strated. Rat  adrenal cholesterol is as-
sayed by extracting the macerated gland 
in a hot mixture of methanol and ace- 

Table 2. Recovery of free and of stearyl 
cholesterol which were added to plasma 
extract. The amounts added and found 
are given in milligrams per 100 ml of 
plasma. 

Amount Recov-
Compound cry 

Added Found ( % )  

Stearyl 
cholesterol 150 151 101 

Free 
cholesterol 100 104 104 
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tone, evaporating a suitable aliquot, and 
chromatographing in the same manner. 
However,-since the free cholesterol in 
the adrenal gland is relatively very low, 
one must use a largc aliquot and dilute 
the ester fraction after chroniatography 
if the free cholesterol level is desired. 

Although the ester fraction can be de- 
termined by using the method of Brown 
et al. ( 3 ) ,the free adrenal cholesterol is 
accompanied by turbidity, which inter- 
feres slightly with this method. Turbid- 
ity is not observed with a modified Lieb- 
eiman-~urchard procedure, Because of 
its sensitivity, the modified Tschugaeff 
reaction of Hanel and Dam (4)  may be 
better suited to the determination of 
free cholesterol in adrenal tissue after 
chromatography on silicic acid. 
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Actions of d-Lysergic Acid 
Diethylamide and Its 2-Bromo 
Derivative on Heart of 
Venus mercenaria 

Physiological evidence indicates that 
the inhibitor nerves of the heart of the 
mollusk, V e n u s  mercenaria, are choli-
nergic in nature ( I ) ,  and that the ac-
tivity of the excitor nerves is mediated 
by ti-hydroxytryptamine (5-HT, sero-
tonin) ( 2 ) .d-'Lysergic acid diethylamide 
(LSD) was found to be an antagonist 
of serotonin on certain mollusk hearts 
under the conditions of the experiments 
( 3 ) .  An early- report that LSD was an 
effective antagonist on the V e n u s  heart 
was later modified ( 4 )  when it. became 
clear that LSD had a marked excitor 
action on this heart. This action per-
sisted for long periods of washing dnr- 
ing which a mawimrrm amplitude of beat 
obscured the action of large doscs of 
serotonin. It was stated that on the 
Venus  heart, LSD acts as an essentially 
irreversible analog of serotonin (4) .  We-
cently, Shaw and Woolley ( 5 )  confirmed 
this observation. 

The  importance of a proper under-
standing of the fundamental mode of 
action of LSD prompts us to report fur- 

ther our earlier studies with LSD and 
our more recent observations of the ac- 
tion of 2-bromo-lysergic acid diethyl-
amide (Bol-148, brorno-LSD) on the 
Venus  heart ( 6 ) .  At a concentration of 
10-%f, both serotonin and LSD prod~rcc 
a nearly maximal increase in amplitude 
in less than 10 minutes. After a heart has 
been washed for a few minutes, it re-
covers from serotonin; but after many 
hours of washing a heart that has been 
treated with LSD may still be greatly ex- 
cited. No way has yet been found, in- 
cluding washing at a high pH, to restore 
quickly an LSD-excited heart. At con-
centrations below 10-9M, serotonin sel- 
dom excite$ the isolated V e n u s  heart. If 
hearts are allowed to remain in a 10-ml 
bath of 10-lOM LSD, they are maximally 
excited in 1.5 to 2 hours. At a 10-16M 
concentration of LSD, up to 3 hours rnav 
be required for the heart to adsorb an 
amount of LSD that produces near maxi- 
mal excitation. Axelrod et a1 ( 7 ) ,  from 
studies of tissue distribution, calculate 
that LSD exerts its characteristic effect 
in man at a level of 0.0003 pg/q of brain 
tissue. The V e n u s  heart responds maxi- 
mally at a tissrre concentration that must 
be below this, for 10 mi of 10-fGM LSD 
contains only 602,000 molecuIes. 

An important problem not yet resolved 
is whether thrt "'LSD psychosis" results 
from centlal blocking of serotonin, or 
from a serotoninlike action of LSD, or 
for other reasons. 2-Bromo-lysergic acid 
diethylamide may prove useful in help- 
inq to solve this problem. Cerletti and 
Rothlin ( 8 )  found bromo-LSD to be a 
more efiective antagonist of serotonin 
than LSD at  a number of sites in mam- 
mals. This blocking action was h i ~ h l y  
specific, and they saw no signs of anti- 
histaminc, antiadrenaline or antiacetyl-
choline action. Certain of these obser- 
vations have been amply confirmed and 
extended ( 9 )  Cerletti and Rothlin, how- 
ever, failed to find any indication of an 
abnormal psychic disturbance produced 
by doses of bromo-LSD even 26 times as 
great as effective doses of LSD. They 
concluded that their results with bromo- 
LSD make it difficult to correlate the 
psychic effects of LSD with its antisero- 
tonin property. The  interesting obser-
vation has now bren made by Ginzrl 
and Rfa~rcr-C;~o~s ( 1 0 )  that bromo-LSD, 
~zhen  it is administered I or 2 days be- 
f o ~ e  LSD, abolishes or yreatlv reduces 
the LSD psvchosis without, bv itself. hac- 
inq significant central action rven in 2-
to 3-mg amounts. 

O n  the Venus  heart. bromo-LSD is 
an effective antaqonist of serotonin. O n  
qome hearts. high concentrations (10-6 
to 10-5M) h ~ v e  a weak stimulatinq ac- 
tion resembling that prodr~ced by LSD, 
while on others t h e ~ e  ii 110 apparrnt 
effect. However. after treatment of hearty 
~vi th bromo-LSD in concentrations in the 

range of lo4 to 10-6iM for 1 hour or 
longer, the excitor action of a molar 
concentration of serotonin one-tenth as 
great is completely blocked. I t  is of fur- 
ther interest that previous exposure of a 
Venus  heart to bromo-LSD abolishes or 
greatly reduces the excitor action of LSD 
that is subsequently applied. For exam- 
ple, on some hearts, pretreatment with 
10-4M bromo-LSD may completely pre- 
vent the otherwise marked exciter action 
of 10-6M LSD. 

Serotonin appears to be a normal regu- 
latory neurohumor of the Venus  heart. 
This heart is extremely sensitive to LSD, 
which has an excitor action resembling 
that of serotonin. Zlnlike serotonin, how- 
ever, the action of LSD is very slowly 
reversed by washing. Bromo-LSD an-
tagonizes the actions of both serotonin 
and LSD on the Venus  heart. These sev- 
eral actions and interactions appear to 
parallel rather closely those seen in the 
mammalian central nervous system. 
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Technique for Behavioral 

Analysis of Human Observing 

The morLitoring of a display (for ex- 
ample, a search radar) by human beings 
raises problems of considerable practical 
and theoretical interest. In general, the 
probability of detection of a siqnal varies 
directly with the signal rate; is a function 
of the temporal arrangement of the sig- 
nals; and, in the case of low signal rates, 
varies inversely with the duration of t h ~  
monitoring task. Such monitoring situa- 
tions are badly in need of a descriptive 
behavioral analysis that would permit iso- 
lation of the variables which control the 
behavior underlying the probability of 
signal detection. 


